The study investigated the effect of supplementation of Vitamin E, Zn and Cr on growth performance and hematological characteristics of broiler chickens. The 240 day old Cobb 400 chicks were randomly distributed in eight groups consisting of 30 chicks in each. These chicks were kept on deep litter houses comprising of wood shavings. The supplementation of Vitamin E, zinc and chromium either individually or in combination improved the feed conversion ratio and body weight gain in broiler chicks. The body weight of broiler chickens at different age from day old to the 6 th week were significantly different among treatments. The highest body weight was recorded in T8 groups. Heamoglobin, red blood corpuscles and white blood cells levels increased whereas heterophil: lymphocyte ratio statistically decreased with vitamin E, zinc or chromium supplemented groups either individually or in combinations.
INTRODUCTION
Efficient poultry production is based on the feeding of well balanced diets to highly productive lines of birds. Proper nutrition not only helps in promoting optimum growth, but have important role in maintaining bird health, productive and reproductive performances (Surai, 2002) . In this respect, dietary manipulation and supplementation of vitamins and mineral has an important role to play and that the lower concentration of vitamins and micronutrients have been reported to cause high mortality, decreased feed intake, lower body weight gain and poor feed efficiency in poultry flocks (Tawfeek, et al., 2014) . Vitamin E is known to be a protective of lipid component of biological membranes as it is considered a major chain-breaking antioxidant. Vitamin E supplementation has been proven to improve growth performance, enhance immunity and restore impaired immunity as well as influence neuro-endocrine functions (Khan and Thomas, 2004) . Vitamin E and Se act together in preventing cellular membranes from oxidative degeneration (El Dein et al., 2013) . Studies showed that concentrations of malondialdehyde (MDA), an indicator of lipid peroxidation, in serum and liver decreased with Zn supplementation in heat stressed birds. In addition, Zn supplementation significantly increased serum concentrations of vitamin C & E and Zn in poultry . One of the most important functions of Zn is related to its participation in the antioxidant defense system. Dietary chromium supplementation increases the growth rate and feed efficiency and improves meat yield and carcass quality with reduced carcass fat in broilers (Toghyani et al., 2006; Samanta et al., 2008) .
Previous studies have examined the effect of vitamin E, Zn and Cr either individually or in combination with other minerals and/or vitamins in poultry production. However, there are very few documentary evidences to prove the combined effect of Vitamin E, Zn and Cr in enhancing poultry production and productivity. Keeping in view the importance of these elements individually in poultry production and productivity, this research therefore undertakes to study the effect of combined supplementation of Vitamin E, Zn and Cr on performance of broiler chicken.
MATERIALS AND METHODS
The May 2015. The investigation consisted of the 240 day old Cobb 400 species which were randomly distributed in eight groups consisting of 30 chicks after the initial 7 days of brooding, when the chicks were fed and brooded together. The groups were further subdivided into 3 replicates of 10 each using the same randomization method. These chicks were kept on deep litter houses comprising of wood shavings. Standard and uniform managemental conditions were provided during experimental period. T1 group was provided mixed ration without any supplementation and served as control, T2 received mixed ration + 250 mg/kg vitamin E, T3 mixed ration + 50 mg/kg Zn, T4 mixed ration + 0.7 mg/ kg Cr, T5 mixed ration + 250 mg/kg vitamin E and 50 mg/ kg Zn, T6 mixed ration + 250 mg/kg vitamin E and 0.7 mg/ kg Cr, T7 mixed ration + 50 mg/kg Zn and 0.7 mg/kg Cr, T8 mixed ration + 250 mg/kg vitamin E, 50 mg/kg Zn and 0.7 mg/kg Cr.
The data for all measured variables were analyzed as a complete randomized design using one way ANOVA procedure of SPSS version 20 (SPSS for windows, V 20.0; SPSS Inc., Chicago, IL, USA). The linear model adopted in this study was:
Where, Yijk = dependent variable; ì = overall mean of the population; Tj = mean effect of Treatments (j = 1,...8); W k =mean effect of week (k= 1,.....6) and eijk = unexplained residual element assumed to be independent and normally distributed. The significant difference between and within groups for the different variables was determined using Duncan Multiple Range Test of Significance.
RESULTS AND DISCUSSION
The result of the study showed that the body weight of broiler birds at different ages from day old to the 6 th week were significantly different among treatments (Table 1) . The results revealed significantly higher body weight in treatments groups (T8> T5> T6> T7> T2> T3> T4) as compared to control group T1. This was in agreement with the findings of Leeson and Summers (2001) who observed that accuracy in dietary micronutrient provision results in enhanced bird performance characteristics, and reduces the likelihood of nutrient waste. Diets rich in vitamin E and zinc have been shown to reduce the catabolic response induced by immune stimulation and may be effective in promoting growth (Rymer and Givens 2005) . Lohakare et al. (2004) in an experiment conducted on commercial broiler farm of 3,630 Ross female broiler chicks observed significant (p<0.0001) increase in body weight gain in birds fed higher levels of vitamin E. Chae et al. (2005) also reported an improvement in weight gain in commercial broilers supplemented with different levels of vitamin E without affecting the feed efficiency. El-Dein et al. (2013) reported better values of Feed conversion ratio (FCR) among chicken supplemented with vitamin E compared to control.
The growth promoting effect of chromium is attributed to its involvement in metabolism of carbohydrates, lipids, protein and nucleic acid (Chen et al., 2006) . Chromium has also been known to stimulate the biological activity of insulin by increasing the insulin-sensitive cell receptors or binding activity. Dietary chromium resulted in a significantly (p<0.05) higher average live body weight, average daily gain, feed conversion ratio and carcass dressing percentage of Cr-supplemented broiler chickens compared to those of control group (Tagwa et al., 2013) . The current study results on the effect of chromium on weight gain in broiler chicken is in agreement with , Toghyani et al., (2006) and Samanta et al., (2008) who reported improvement in weight gain and feed conversion efficiency with chromium supplemented broiler chicken. In the same trend, diets supplemented with Cr Jackson et al., 2008; Adebiyi and Makanjuola, 2011) or vitamin E ( Guo et al., 2003; Lohakare et al., 2005; Niu et al., 2009) were efficiently converted into weight gain. However, Toghyani et al., 2006; Naghieh et al., 2010 and Noori et al., 2012 observed no significant effects on broilers supplemented with Cr and vitamin E on body weight gain (Niu et al., 2009 ).
The effect of zinc supplementation on the growth performance of broiler chicken in this study is consistent with the findings of Bao et al. (2007) who reported increased weight gain and food intake in zinc supplemented broiler chicken. The effects of zinc on body weight gain could be attributed to its role on insulin metabolism and therefore increased glucose utilization. However, Pimental et al, (1991) observed no difference in growth of broilers fed 88µg, 140 and 164 µg zinc/g diet.
The increased body weight and body weight gain in treatment groups T8, T5, T6 and T7 is in agreement with the findings of Watts (1990) who reported a synergistic effect between vitamin E and zinc, zinc and chromium which would accordingly increase their individual effects. In the current study, the highest body weight and body weight gain was observed in T8, which must have benefited from the combined synergistic effects of vitamin E, zinc and chromium.
Feed conversion ratio at the end of the experimental period of 6 weeks was also statistically significant (p<0.05) among the treatment groups, with the highest feed efficiency ratio observed in T8 which was supplemented with a combination of vitamin E, zinc and chromium as compared to the control T1 ( Table 2 ). The positive effect of zinc supplementation on feed conversion may be attributed to the improvement in nutrient digestibility and efficiency of their use (Lagana et al., 2007 and Sahin et al., 2009 ) and therefore improve feed conversion ratio. Zinc has a protective role on pancreatic tissue against oxidative damage; it may therefore help the pancreas to function properly, including the secretions of digestive enzymes, thus improving the digestibility of nutrients and consequently, performance. Guo et al. (2003) showed that addition of vitamin E (100 mg/kg) improved (p< 0.05) the growth performance and feed conversion ratio of broilers compared to those fed the control diet.
Effect on hematological characteristics:
The Effect of Broiler Chickens supplemented with Vitamin E, Zn, and Cr on Haemoglobin (Hb), Packed Cell Volume (PCV), Red Blood Cells (RBC),White Blood Cells (WBC) and Differential Leucocyte count (DLC) are presented in Table  3 and Table 4 .
Haemoglobin level was significantly (P<0.05) higher in T8 group in comparison to other groups and the lowest level of haemoglobin was observed in control group T1. The hemoglobin concentration for all the treatment groups was within the normal range of 7-13g per deci-Liter (Aksu et al., 2010) . Increase in hemoglobin among zinc supplemented broiler chicken could be attributed to its essentiality in erythropoiesis. Zinc also plays a catalystic role in the activity of alfa-aminolevunilic acid dehydrogenase which is responsible for hem synthesis (Aksu et al., 2010) . The increase in hemoglobin in treatment groups supplemented with zinc, chromium or vitamin E either individually or in combination could be attributed to their anti oxidant characteristics and their ability to improve the synthesis, stability and activity of enzymes in the body. Tayeb and Qader, 2012 reported higher Hb % in broiler chicken supplemented with vitamin E as compared to control groups.
PCV level was highest in T8 treatment groups in comparison to control group. Other treatment groups showed higher PCV levels in reducing order from T5, T6, T7, T2, T3 and T4 as compared to the control. The PCV % in all treatment groups were in the normal range of 22-35% (Aksu et al., 2010) . This is in agreement with the findings of Tayeb and Qader (2012) who reported significant differences (p<0.05) in PCV% in broiler chicken supplemented with vitamin E compared to controls. They attributed the increase in PCV% on the physiological parameters which increase immune system and PCV concentration. El-Sheikh et al., (2006) and Shlig, (2009) reported that the significant differences of vitamin E on PCV may be due to its role as an antioxidant or improved physiological traits. The increase in PCV% in treatment groups supplemented with zinc and chromium either individually or in combination could probably be attributed to their antioxidant properties and in increasing of immunity.
RBC values showed a significant (P0.05) difference among treatment groups. The highest number of RBC in million cells per cubic millimeter was observed in T8. The RBC counts in all treatment groups were in the normal range of 2.5-3.5 X 10 6 / mm 3 (Aksu et al., 2010) .However, Al-Zahrani et al., (2011) observed a significant (p<0.05) decrease in leucocyte counts, hemoglobin content and RBC counts in broiler birds supplemented with vitamin E compared to control. The increased RBC in supplemented birds in this study could probably be attributed to the increased immunity due to the individual or combination of antioxidants which protected the chicken from pre-inflammatory and / or oxidative stress biomarkers (Vouldoukis et al., 2004) . Significant (P0.05) differences in WBC values between supplemented groups and control was found in the study. The highest numbers of WBC in thousand cells per cubic millimeter were observed in T8. The results were in agreement with the findings of Tayeb and Qader (2012) and Shlig (2009) who reported significant differences (p<0.05) in lymphocytes, heterophile percentages and Heterophile/ Lymphocyte ratio between treatment groups supplemented with vitamin E and control groups. They however observed no statistically significant differences (p>0.05) on monophil, esonophil and basophil percentages between treatment groups supplemented with vitamin E and control groups. Sirirat et al. (2012) , in a study conducted to investigate the effects of different levels nanoparticles of chromium picolinate (NanoCrPic) on the performance, immune responses, mineral retention, and tissues accumulation of chickens reported significant increase in lymphocytes (p<0.0004) as the level of Cr supplementation increased to 3000ppb. Zha et al. (2008) observed lympho proliferative response in rats feed supplementary Cr of 150, 300 and 450 ppb. In the present study, the increase in the number of WBC counts and WBC sub-groups in treatment groups supplemented with vitamin E, zinc and chromium individually or in combination could be attributed to the increase in immunity arising from the supplemented ingredients due to their antioxidant properties, with the ability to quench free radicals.
CONCLUSION
Vitamin E, zinc and chromium supplementation either individually or in combination improved the feed conversion ratio and body weight gain. Heamoglobin, red blood corpuscles and white blood cells levels increased whereas heterophil: lymphocyte ratio decreased with vitamin E, zinc or chromium supplementation either alone or in combination. The results of study indicates that vitamin E, zinc and chromium either individually or in combination have beneficial effect on health and growth performance of Broilers.
